Background: rhTPO and rhIL-11 are both recommended for the prophylactic treatment of chemotherapy-induced thrombocytopenia (CIT). However, there has been no head to head comparative study on the prophylactic administration of rhTPO and rhIL-11 to alleviate CIT in non-small cell lung cancer (NSCLC).
Introduction
Lung cancer is a very common form of malignancy with a high incidence and mortality, particularly in heavy smokers [1] . First-line chemotherapy is one of the main treatments for advanced non-small cell lung cancer (NSCLC), including platinum with third generation anticancer drugs (paclitaxel, gemcitabine, pemetrexed, etc.) [2] [3] [4] . In addition, gemcitabine combined with platinum (cisplatin or carboplatin) is commonly used because of its wide range of applications and low cost. However, it is the most common chemotherapy regimen that causes chemotherapy-induced thrombocytopenia (CIT) in NSCLC patients, with the highest incidence occurring in III or IV-degree CIT [5] .
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Severe CIT usually leads to a dose reduction or interruption of treatment, and thus affects the clinical efficacy and patient survival rate [6, 7] . Platelet transfusion remains the fastest and most effective treatment for severe CIT, but repeated platelet transfusion induces platelet antibody formation rendering eventually the treatment ineffective [8] . First-generation recombinant thrombopoietins research has been halted due to antibody formation against endogenous thrombopoietin [9] . The China Food and Drug Administration (CFDA) to date have not formally approved a second-generation thrombopoietin receptor agonist. According to the Expert Consensus on Diagnosis and Treatment of Chemotherapy-Induced Thrombocytopenia in Cancer Patients in China, rhIL-11 was recommended as prophylactic treatment 6-24 h after chemotherapy for those patients who experienced III or IV-degree CIT in a prior cycle or were at a high risk of bleeding [10] . Nevertheless, adverse reactions occur at an unacceptable frequency, especially cardiotoxicity, which limits its use in clinical practice [11, 12] . rhTPO is recommended to be administered early in patients with III or IV-degree CIT in a prior cycle of chemotherapy or if they were at a high risk of bleeding [13] .
In a small sample retrospective study, we found that the short-term intermittent prophylactic administration of rhTPO could alleviate CIT admirably in NSCLC [14] . However, there has been no comparative study on the prophylactic administration of rhTPO and rhIL-11 to alleviate CIT in patients with NSCLC. Therefore, we designed a prospective randomized controlled multi-center clinical trial to compare rhTPO with rhIL-11 for the prevention of serious CIT in patients with NSCLC.
Materials and Methods

Study population
The clinical trial was designed as a prospective, open-label, randomized, non-inferiority, multicenter study and performed synchronously in multiple centers (16 centers) from May 2009 to June 2015. All patients voluntarily signed informed consent forms. This study met the basic standards of the Declaration of Helsinki and was approved by the Institutional Review Board of each center (The ClinicalTrials.gov Identifier: NCT02344979). The protocols for our study were approved by the Institutional Review Board of Shanghai Chest Hospital (ethical approval number: 200811I-06).
Inclusion criteria
• Patients aged from 18 to 75 years, both male and female.
• NSCLC identified by either histology or cytology.
• Compliance with indications of chemotherapy (white blood cell ≥ 4.0 × 10 9 /L; neutrophil count > 1.5 × 10 9 /L; platelet counts ≥ 100 × 10 9 /L; alanine aminotransferase ≤ 3 times higher than the normal upper limit; aspartate transaminase ≤ 3 times higher than the normal upper limit; total bilirubin ≤ twice the normal upper limit; Eastern Cooperative Oncology Group performance status score (ECOG PS) ≤ 2 points; without severe cardio-respiratory dysfunction).
• Occurrence of platelet reduction in the chemotherapy cycle, platelet ≤ 50 × 10 9 /L.
• Expected survival time ≥ 3 months.
• The patient could understand he study aims and was willing and to sign an informed consent form.
• Compliance with the research and follow-up program.
Exclusion criteria
• Pregnant or lactating women.
• History of severe allergy to biological agents.
• Existing severe acute infection that was not controlled.
• Patients receiving radiotherapy.
• Three or more sites of osseous metastasis during screening and platelet counts < 100 × 10 9 / L on day 17 of the prior chemotherapy cycle.
• Patients having a previous history of pulmonary artery embolism or myocardial infarction, or a history of thrombus or moveable thrombus in the previous 3 months.
• Onset of septicemia, disseminated intravascular coagulation (DIC), hypersplenism, or any other known condition that may have aggravated the thrombocytopenia during past cycle(s) of chemotherapy.
• Patients with central nervous system (CNS) metastasis.
Withdrawal criteria
• The subject requested to withdraw from the trial for any reason.
• Occurrence of intolerable adverse reactions.
• Bad compliance and affected efficacy caused by failure to comply with the specified administration scheme.
• The research and observation could not continue due to some unpredictable situation during the trial.
Number of designed samples
Altogether 120 samples and a ratio of 2:1 for the study arm (n = 80) and control arm (n = 40) were designed for the trial.
Therapeutic scheme
Drugs under research
Recombination human thrombopoietin (rhTPO) injection (TPIAO, Shenyang 3S BIO Incorporation, 15,000 U/mL/ampoule), and recombinant human interleukin-11 (rhIL-11) injection (Juheli, Qilu Pharmaceutical Co., Ltd, 3.0 mg/ampoule).
Routes of administration
Lung cancer patients who had platelet counts ≤ 50 × 10 9 /L after prior chemotherapy with gemcitabine /cisplatin (GC) or gemcitabine/ carboplatin (GP) were admitted and randomized into trial and control arms.
Study arm
The patients accepted subcutaneous injection of 15,000 U rhTPO on day 2, day 4, day 6 and day 9 of the chemotherapy cycle. Details are shown in Fig. 1 .
Control arm
The patients accepted a subcutaneous injection of 3 mg rhIL-11 for 7 consecutive days from day 9 to day 15. The details are shown in Fig. 1 .
Chemotherapy regimen
GP regimen: 1,250 mg/m 2 gemcitabine on day 1 and day 8; 75 mg/m 2 cisplatin on day 1 or divided into 3 days; q21d.
GC regimen: 1,250 mg/m 2 gemcitabine on day 1 and day 8; AUC = 5 mg/mL/min carboplatin on day 1; q21d.
If in the previous cycle, there were platelet counts < 25 × 10 9 /L, and bleeding symptoms (oral mucosa, gingival bleeding, or skin petechia), the dose administered in the subsequent chemotherapy cycle was reduced by 25%.
Drug-withdrawal indications
During the administration of rhTPO and rhIL-11, it was withdrawn when the platelet counts increased to 100 × 10 9 /L or the increment was greater than ≥ 50 × 10 9 /L.
Supplemental therapy
Platelet transfusion: (1) when the platelet counts were ≤ 10 × 10 9 / L, single-donor platelets would be suggested for transfusion; (2) when 10 × 10 9 /L < platelet counts < 25 × 10 9 /L and the patient had a high risk of bleeding, single-donor platelets were considered for transfusion; (3) when 25 × 10 9 /L ≤ platelet counts < 50 × 10 9 /L, the treatment decision was decided by the physician in charge.
Efficacy and safety evaluation
Efficacy evaluation Primary efficacy indicator
Days required for the recovery of platelet to ≥ 75 × 10 9 /L;
Secondary efficacy indicators
• Lowest value, highest recovered value after treatment and the platelet counts before and after treatment in the 2 arms
• Days of platelet counts < 50 × 10 9 /L;
• Days required for the recovery of platelet levels to ≥ 100 × 10 9 /L and increments to > 50 × 10 9 /L
• Platelet counts on day 21 in the 2 arms
Platelet transfusion frequency and amount Figure 1 . Routes of administration in two arms. Patients when had platelet counts ≤ 50 × 109/L in the prior chemotherapy cycle were enrolled into the current study. The patients in the study arm would accept subcutaneous injection of 15,000 U rhTPO on d2, d4, d6 and d9 of the subsequent chemotherapy cycle. The patients in the control arm would accept subcutaneous injection of 3 mg rhIL-11 for 7 days from d9 to d15 of the subsequent chemotherapy cycle.
Safety evaluation
Routine blood examinations, urinalysis, hepatorenal function, coagulation function, electrocardiograph (ECG), vital signs, and adverse events (frequency, severity, duration, and classification) in the 2 arms were compared.
Statistical methods
Continuous variables were adopted to determine the number, mean value, standard deviation, median, maximum and minimum values, and counts to establish the frequency and constituent ratio.
Analysis of the primary efficacy indicator
• Days required for the recovery of platelet levels to ≥ 75 × 10 9 /L in the 2 arms: Cox regression analysis, with the baseline of the platelet count as a concomitant variable, was employed to compute the hazard ratios of the 2 arms and the 95% confidence interval (CI).
• Subsequently, the days required for the recovery of platelet levels to ≥ 75 × 10 9 /L were analyzed using the Kaplan-Meier method, 25%, 50% and 75% quantiles of the days required for recovery of platelet level in the 2 arms to ≥ 75 × 10 9 /L and the corresponding 95% CI were documented respectively, and comparisons between the 2 arms were verified using a log-rank test.
Analysis of secondary efficacy indicators
• The inter-arm comparison of the lowest platelet level, highest platelet level after treatment, and changes in platelet levels before and after the treatment in the 2 arms was compared using a t-test.
• The days during which the platelet count was < 50 × 10 9 /L were analyzed using the KaplanMeier method, and the median time and 95% CI of the 2 arms were determined. A log-rank test was employed to detect any differences between the 2 arms.
• The days required for the recovery of platelet levels to ≥ 100 × 10 9 /L and an increment by > 50 × 10 9 /L were analyzed with the Kaplan-Meier method. The median time and 95% CI of the 2 arms were listed respectively, and a log-rank test was employed to look for the differences between the 2 arms.
• The differences in platelet counts on day 21 between the 2 arms were compared using a t-test.
• The inter-arm differences in the platelet transfusion frequency and amounts administered were compared using a rank sum test.
Safety analysis
• The incidence of adverse events and adverse drug reactions was determined by the investigator and the severity of adverse events classified according to the National Cancer Center Common Toxicity Criteria (NCI-CTC, ver. 3.0). Adverse events refer to adverse clinical signs that occurred during drug treatment. Adverse reactions refer to the adverse effects of a specific drug that is unrelated to its intended or accidental use in normal clinical practice.
Statistical software and general requirements
• SPSS ver. 23.0 software was used for analysis purposes.
• All the statistical tests used were two-sided, and P < 0.05 was deemed to be statistically significant.
Results
General clinical materials
A total of 108 NSCLC patients suffering from CIT after receiving gemcitabine in combination with cisplatin or carboplatin chemotherapy were enrolled and randomized into a study arm and control arm. There were 77 cases in the study arm and 31 in the control arm. A total of 55 cases received GC and 53 GP. There were no statistically significance differences in age, height, weight, or sex (P > 0.05) between the arms of patients. A pre-chemotherapy comparison of all the indicators of vital signs and blood routine examinations in the 2 arms revealed no statistically significant differences (P > 0.05), while a comparison of the chemotherapy regimens during the treatment also failed to find a statistically significant difference (P > 0.05, Table 1 ).
Efficacy analysis
Days for platelet levels to recover to ≥ 75 × 10 9 /L The median days for the recovery of platelet levels to ≥ 75 × 10 9 /L was 3 (range: 2-4) in the study arm and 4 (range: 2-6) in the control arm (P = 0.398), but the difference was not statistically significant (P > 0.05). The recovery rate of platelets to > 75 × 10 9 /L revealed that more patients in the study arm recovered (84.4% vs 77.4%) within a short period of time (Fig. 2) .
Platelet changing tendency in the 2 arms
The lowest platelet level (× 10 9 /L) in the study arm was 61.8 ± 39.9 compared with 52.8 ± 36.8 in the control arm (P = 0.299). The highest platelet counts (× 10 9 /L) in the study arm was 223.5 ± 127.3 compared with 245.8 ± 158.7 in the control arm (P = 0.463). The increment between the highest value and baseline value of platelet counts (× 10 9 /L) in the study arm was 26.1 ± 166.8 compared with 22.2 ± 200.6 (P = 0.487), and no statistical significance was found using a t-test (Fig. 3) .
Days of platelet counts < 50 × 10 9 /L
The median days for the recovery of platelet levels to < 50 × 10 9 /L was 2 (range: 0-4) in the study arm and 2 (range: 0-5) in the control arm (P = 0.691), but the difference was not statistically significant (P > 0.05). According to the comparison of the 2 arms in terms of days of platelet counts < 50 × 10 9 /L, the ratio of patients with platelet counts < 50 × 10 9 /L was 46.2% in the study arm vs 58.6% in the control arm, but there was no statistically significant difference between the 2 arms (P = 0.446, Fig. 4 ).
Days for platelet recovery to ≥ 100 × 10 9 /L The time in days for the platelet levels to recover to ≥ 100 × 10 9 /L in the study arm was 6 (range: 4-7) compared with 6 days (range: 4-8) in the control arm (P = 0.734), but the difference was not statistically significant (P > 0.05).
The platelet count in the study arm was 181.2 ± 102.7 × 10 9 /L compared to 224.5 ± 161 × 10 9 /L in the control arm on day 21 (P = 0.263). After prophylactic treatment for CIT, there were no interruptions in the subsequent chemotherapy cycles in either arm.
Platelet transfusion
In the study arm, 3 patients (4.5%) required transfusion of 1 u platelets and 2 patients in the control arm (7.4%). After analysis using a continuous chi-squared correction test, no statistically significant difference was found between the 2 arms (P = 0.948, Table 2 ). 
Analysis of the area under the curve (AUC) of platelet counts
During the cycle of chemotherapy from day 1 to day 21, no significant difference was detected in the platelet counts in either the trial or control arms (Fig.  5) . But from day 9 to day 17, the lowest platelet level in the study arm was higher than in the control arm, and the platelet count AUC of the study arm was > than that of the control arm (P > 0.05).
Safety analysis
Adverse events and adverse drug reactions
During the trial, a total of 37 adverse events were recorded. The occurrence of adverse events in the study arm was 25 (32.5%) compared with 12 (38.7%) in the control arm (P > 0.05, Table 3 ). No severe adverse events occurred in either arm during the trial.
The study arm had no adverse drug reactions while the incidence of adverse reactions in the control arm was 4 (12.9%). A comparison between them revealed a statistically significant difference (P = 0.008, Table 4 ). There were 2 patients with cardiotoxicity, 1 patient with dizziness, 1 with limb edema, which was related to rhIL-11. There was a significant difference only in comparison of cardiotoxicity (0 vs 9.7%, P = 0.022) while other adverse reactions were not different. 
Discussion
In clinical practice, thrombopoietin is commonly recommended for the treatment of severe CIT [15] . However, the thrombopoietin effect on platelet numbers usually takes a long time leading to an increased bleeding risk due to thrombopenia. Furthermore, thrombopoietin administration may induce an excessive increase in platelet increments, which also brings the risk of venous thrombosis embolism (VTE). Therefore, the concept of prophylactic administration has been raised in clinical practice. The standard protocol of rhIL-11 administration was recommended for prophylactic administration in 2010 in China while rhTPO was recommended subsequently in 2014 [10] .
Vadhan-Raj divided sarcoma patients (n = 66) receiving doxorubicin and ifosfamide (AI regimen) equally into 11 arms (6 patients in each arm), with rhTPO administered at different time points for CIT. It was found that the arms receiving rhTPO on day 5, -day 3, -day 1 and +day 4 of chemotherapy achieved better platelet recovery compared with the other arms. This result may be due to the fact that the lowest platelet counts appeared about 12 days after the AI regimen [13] . Therefore, the rhTPO administration time depends on the chemotherapy regimen and the time of the platelet nadir. For a short-term chemotherapy regimen and/or the earlier appearance of the platelet nadir, it would be reasonable to begin rhTPO administration shortly after the start of chemotherapy. As reported in previous studies, CIT was commonly started on day 7 after chemotherapy, and reached a nadir on days 10-14 after gemcitabine combined with cisplatin or carboplatin (GC/GP) [17] . Considering these results and the long half-life of rhTPO, we administered rhTPO on day 2, day 4, day 6 and day 9 of the subsequent cycle to NSCLC patients who suffered from III degree or worse CIT in the previous GC/GP cycle, in a small sample experimental study. The results revealed that short-term intermittent prophylactic administration of rhTPO could alleviate the severity of thrombopenia and promote recovery [13] . Therefore, a prospective clinical trial of NSCLC patients who experienced thrombopenia after prior chemotherapy with gemcitabine in combination with cisplatin or carboplatin was performed. Short-term intermittent prophylactic administration of rhTPO was compared with prophylactic administration using rhIL-11 in a standard protocol in terms of its efficacy and adverse drug reactions.
As indicated by the results, in spite of a shorter duration of administration, the study arm showed fewer days for the recovery of platelet levels to 75 × 10 9 /L and 100 × 10 9 /L, and the lowest platelet level appeared to be higher than in the control arm. Although the differences were not statistically significant, it was proven that the efficacy of short-term intermittent prophylactic use of rhTPO was similar to the prophylactic administration of rhIL-11. In terms of safety, rhI-11 is contraindicated by the FDA for use in patients > 65 years of age, who have complications such as coronary heart disease. It also increased the risk of water-sodium retention and cardiotoxicity. A comparison of the adverse drug reaction rate in the two arms also revealed a statistically significant difference, especially with regard to cardiotoxicity.
In China, patients usually go home after completing their chemotherapy course, so they usually do not comply well with blood routine examination requirements. Consequently, CIT cannot be detected and treated appropriately, causing a delay in the subsequent treatment, which may not be as effective. Our findings showed that the prophylactic administration of rhTPO and rhIL-11, which was suitable for Chinese patients, could guarantee the maintenance of scheduled dosage and the frequency of chemotherapy, with rhTPO being the most convenient platelet enhancer.
In conclusion, ours is the first comparative clinical study into the prophylactic administration of rhTPO and rhIL-11 for the treatment of CIT in NSCLC patients worldwide. Our findings suggest that the prophylactic administration of rhTPO helps to alleviate CIT in NSCLC as well as rhIL-11, but is more safe and convenient to use. It is also necessary to optimize further the rhTPO prophylactic administration schedule for CIT for the treatment of different solid tumors and chemotherapy regimens.
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